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ENERGY RECOVERY SYSTEM 



TECHNICAL FIELD 

5 The present invention relates to an energy recovery 

system. 

BACKGROUND ART 

Energy recovery systems have been proposed for 

10 recovering surplus energy produced during operation of various 
kinds of working devices to improve the energy efficiency of 
the working devices. Such an energy recovery system converts 
heat generated during operation of the working devices into 
electrical energy. A typical energy recovery system has a 

15 thermoelectric converter that generates electricity by 

utilizing a temperature difference between a high temperature 
thermal medium (high temperature medium) and a low temperature 
thermal medium (low temperature medium) . As a high 
temperature medium, a thermal medium that receives heat during 

20 operation of the working devices is used, and as a low 

temperature medium, a thermal medium the temperature of which 
is lower than the high temperature medium is used. The 
thermoelectric converter uses waste heat from the working 
devices to generate electricity. In other words, heat is 

25 converted 'into electrical energy. 

Such energy recovery systems include types that are 
applied to vehicles such as automobiles. For example, 
Japanese Laid-Open Patent Publication No. 2001-23666 discloses 

30 an energy recovery system for an automobile. When the power 
source and other working devices of a vehicle are operating, 
heat from the power source and other working devices escapes 
as waste heat. The system disclosed in the publication uses 
the waste heat to generate electricity in a thermoelectric 

35 converter, which electricity is used for charging the vehicle 
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battery. In this way, the waste heat from the power source 
and other working devices is recovered as electrical energy, 
in the energy recovery system disclosed in the publication, 
the thermoelectric converter uses the coolant for cooling the 
power source and other working devices as a high temperature 
medium, and uses the outside air, the temperature of which is 
lower than that of the coolant, as a low temperature medium. 

However, in a vehicle using an energy recovery system 
according to the above publication, normal operation of the 
power source and other working devices cannot increase the 
temperature of the power source and other working devices (the 
temperature of the coolant) above a certain level. Therefore, 
the temperature difference between the coolant and the outside 
air can be insufficient for generating electricity with the 
thermoelectric converter. Therefore, in Japanese Laid-Open 
Patent Publication No. 2001-23666, operation of the power 
source and other working devices is controlled to increase the 
coolant temperature so that the temperature difference between 
the coolant and the outside air is sufficient for generating 
electricity. However, the control for increasing the 
temperature of the power source and other working devices can 
adversely affect the power source and other working devices. 

To avoid such drawbacks, Japanese Laid-Open Patent 
Publication No. 2002-59736 discloses a technique applied to a 
case where an internal combustion engine is used as a drive 
source. To generate electricity with a thermoelectric 
converter, the technique uses the temperature difference 
between exhaust of the engine and the coolant temperature, 
instead of the temperature difference between the coolant and 
the outside air. In this case, the low temperature medium is 
the coolant and the high temperature medium is the exhaust. 
Since the temperature of the exhaust is significantly higher 
than the coolant temperature, normal operation of the engine 
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guarantees a sufficient temperature difference for generating 
electricity through thermoelectric conversion. However, 
although the temperature of the coolant is relatively stable, 
the temperature of the exhaust greatly varies depending on the 
5 operating state of the engine, for example, in a range from 
100°C to 800°C. Such great temperature changes can damage the 
thermoelectric converter . 

Thus, to reliably generate electricity with a 

10 thermoelectric converter that utilizes a temperature 

difference, it is important that the temperature difference be 
sufficiently great and that the temperatures of the used 
thermal media be stable. Therefore, it has been proposed that 
the high temperature medium be coolant from the power source 

15 and other working devices and that the low temperature medium 
be a low temperature refrigerant since the temperature of 
coolant is relatively stable, and the temperature of a 
refrigerant is forcibly maintained low by a refrigeration 
apparatus. In this case, although coolant from the power 

20 source and other working devices is used as the high 

temperature medium, the temperature difference between the 
high temperature medium and the low temperature medium is 
sufficient for generating electricity since the low 
temperature refrigerant, which is the low temperature medium, 

25 is maintained to be cold by the refrigeration apparatus. 
Further, since the temperature of the low temperature 
refrigerant is maintained in a certain range by the 
refrigeration apparatus, the temperature of the refrigerant is 
not abruptly changed, which prevents the thermoelectric 

30 converter from being damaged. 

Therefore, using low temperature refrigerant as the low 
temperature medium, the temperature of which is maintained to 
be low by a refrigeration apparatus, permits the temperature 
35 difference between the high temperature medium and the low 
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temperature medium to be sufficient for generating electricity, 
and prevents the thermoelectric converter from being damaged. 
Accordingly, the thermoelectric converter is capable of 
reliably generating electricity. 

However, if a great amount of energy is consumed to 
drive the refrigeration apparatus so that the low temperature 
refrigerant is maintained to be cold, a possible improvement 
of the energy efficiency, which would be brought about by the 
energy recovery system, is hindered. Such problems occur not 
only in a case where the energy recovery system is used in a 
vehicle such as an automobile, but also in a case where the 
energy recovery system is applied to various apparatuses other 
than vehicles. 



SUMMARY OF THE INVENTION 

Accordingly, it is an objective of the present invention 
to provide an energy recovery system that improves energy 
efficiency, while reliably generating electricity with a 
20 thermoelectric converter. 

To achieve the above objective, the present invention 
provides an energy recovery system for converting heat 
generated during operation of a working device into electrical 

25 energy using first and second thermal media and recovering the 
electrical energy. The system includes a cooling device that 
cools one of the thermal media, generating a low temperature 
thermal medium by maintaining the temperature of the one of 
the thermal media at a predetermined value, and a 

30 thermoelectric converter that generates electricity by 

utilizing a temperature difference between the low temperature 
thermal medium and the other one of the thermal media. The 
other one of the thermal media is maintained at a temperature 
higher than the low temperature thermal medium by heat 

35 generated during operation of the working device to generate a 
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high temperature thermal medium with the other one of the 
thermal media. The cooling device is a heat pump that 
generates the low temperature thermal medium by utilizing heat 
from the high temperature thermal medium . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagrammatic view illustrating an energy 
recovery system according to one embodiment; 

Fig. 2 is a diagrammatic view illustrating desorption by 
the heat pump shown in Fig. 1; and 

Fig. 3 is a diagrammatic view illustrating adsorption by 
the heat pump shown in Fig. 1. 

BEST MODE FOR CARRYING OUT THE INVENTION 

An energy recovery system according to one embodiment of 
the present invention will now be described with reference to 
Figs. 1 to 3. The energy recovery system is used in a hybrid 
automobile . 

As shown in Fig. 1, the hybrid automobile has an engine 
1 and a motor 2 as drive sources. The automobile also has a 
generator 3 and a thermoelectric converter 4 for charging a 
battery 7. The generator 3 is driven by the engine 1 to 
generate electricity. The thermoelectric converter 4 uses 
waste heat from the vehicle to generate electricity. Charging 
of the battery 7 with electricity generated by the 
thermoelectric converter 4 allows waste heat from the 
automobile to be recovered as electrical energy. The output 
of the generator 3 and the thermoelectric converter 4 and the 
operation of the motor 2 are controlled by a power control 
unit 6, which is controlled by an electric control unit 5. 

The hybrid automobile further has an engine coolant 
circuit 11 , in which engine coolant (high temperature 
refrigerant) circulates to cool the engine 1, the motor 2, and 
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the power control unit 6. The engine coolant in the engine 
coolant circuit 11 is circulated through the circuit 11 by a 
coolant pump 12. The engine coolant passes through a radiator 
13 after passing through the thermoelectric converter 4. When 
the engine coolant circulates in the engine coolant circuit 11, 
heat exchange takes place between the engine coolant and 
working devices that include the engine 1, the motor 2, and 
the power control unit 6. The temperature of the engine 
coolant is maintained in a range between 80°C and 90°C by heat 
generated during operation of the working devices. 

The thermoelectric converter 4 generates electricity 
utilizing a difference between the temperature of a high 
temperature thermal medium (high temperature medium) and the 
temperature of a low temperature thermal medium (low 
temperature medium) . The engine coolant, which passes through 
the thermoelectric converter 4, is used as the high 
temperature medium. As the low temperature medium, pump 
refrigerant (low temperature refrigerant) circulating in a 
pump refrigerant circuit 15 is used. The pump refrigerant in 
the pump refrigerant circuit 15 is circulated through the 
circuit 15 by a refrigerant pump 16 and passes through the 
thermoelectric converter 4. The pump refrigerant is cooled by 
a heat pump 14 and maintained at a low temperature in a range, 
for example, between 10 °C and 20 C. 

The engine coolant, which is the high temperature medium 
used in electricity generation at the thermoelectric converter 
4, is maintained at a high temperature, and the pump 
refrigerant, which is the low temperature medium used in the 
electricity generation, is maintained at a low temperature by 
the heat pump 14. The temperatures of the high temperature 
medium and the low temperature medium both fluctuate in a 
narrow range and are stable. Thus, the thermoelectric 
converter 4 is hardly damaged by a great temperature change in 
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the high temperature medium or the low temperature medium. 
The pump refrigerant is cooled by the heat pump 14 so that the 
temperature of the pump refrigerant is maintained to be low. 
Accordingly, the temperature difference between the engine 
coolant and the pump refrigerant is sufficient for electricity 
generation at the thermoelectric converter 4 . 

The pump refrigerant in the pump refrigerant circuit 15 
is not only used for electricity generation at the 
thermoelectric converter 4, but also used to assist air 
conditioning performed by an air conditioner mounted on the 
hybrid automobile. Specifically, the pump refrigerant circuit 
15 has a heat exchanger 17, which performs heat exchange 
between the low pressure refrigerant passing through the heat 
exchanger 17 and air that will be drawn into the passenger 
compartment. The pump refrigerant circuit 15 also includes 
valves 18, 19 for selecting a course for the pump refrigerant, 
which is circulated by the refrigerant pump 16, between a 
course including the thermoelectric converter 4 and a course 
including the heat exchanger 17. In other words, the valves 
18, 19 are switched such that the pump refrigerant is 
selectively guided to one of the thermoelectric converter 4 
and the heat exchanger 17. For example, when the cooling load 
is great during operation of the air conditioner, the valves 
18, 19 are switched to guide the pump refrigerant to the heat 
exchanger 17. In other conditions, the valves 18, 19 are 
switched to guide the pump refrigerant to the thermoelectric 
converter 4. The valves 18, 19 function as a switching device 
to switch the course through which the pump refrigerant flows. 

A refrigeration circuit for the air conditioner, or an 
air conditioner refrigerant circuit 20, includes a compressor 
21. As the compressor 21 operates, the air conditioner 
refrigerant circulates in the circuit 20 and passes through a 
condenser 23 and an evaporator 22 provided in the circuit 20. 
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High temperature and high pressure air conditioner refrigerant 
that has been discharged from the compressor 21 is liquefied 
by the condenser 23. The liquefied refrigerant is then sent 
to the evaporator 22 via an expansion valve (not shown) . The 
evaporator 22 performs heat exchange between refrigerant 
passing through the evaporator 22 and air that will be 
supplied to the passenger compartment. As a result, the 
refrigerant evaporates, and the latent heat required for the 
evaporation cools the air, which is, in turn, supplied to the 
passenger compartment. The heat exchanger 17 is located in 
the vicinity of the evaporator 22. Air that has been cooled 
by the evaporator 22 is further cooled by the pump refrigerant 
that passes through the heat exchanger 17. 

The heat pump, which cools the pump refrigerant, will 
now be described. 

As the heat pump 14, an adsorption heat pump is used, in 
which adsorption and desorption of a working medium such as 
ammonia to and from an adsorbent such as activated carbon are 
repeatedly performed. In the heat pump 14, the working medium 
that has been desorbed from the adsorbent and evaporated is 
temporarily liquefied, and then evaporated. At this time, 
latent heat of evaporation is used to lower the temperature of 
the pump refrigerant, thereby cooling the pump refrigerant. 

During desorption in the heat pump 14, in which the 
working medium is desorbed from the adsorbent, the heat of the 
engine coolant circulating in the engine coolant circuit 11 is 
used to heat the adsorbent to perform the desorption. In a 
section downstream of the radiator 13 in the engine coolant 
circuit 11, a bypass passage 24 is provided to draw the engine 
coolant into the heat pump 14. A valve 25 is located in a 
section downstream of the radiator 13. The valve 25 is opened 
and closed to permit and inhibit the flow of the engine 
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coolant into the bypass passage 24. After passing through the 
bypass passage 24 , the engine coolant enters the heat pump 14 
through a port 24a and exits the heat pump 14 through a port 
24b. In the heat pump 14, the adsorbent is heated by the heat 
5 from the engine coolant, which desorbs the working medium from 
the adsorbent . 

After being desorbed, the working medium is in an 
evaporated state. A heat pump coolant circuit 2 6 is provided 

10 as a cooling system for liquefying the evaporated working 
medium. A heat exchanger 27 is provided in the heat pump 
coolant circuit 26. The heat exchanger 27 is connected to the 
air conditioner refrigerant circuit 20 through passages 28, 29. 
Low temperature air conditioner refrigerant is drawn into the 

15 heat exchanger 27 of the air conditioner refrigerant circuit 
20 as a valve 30 provided in the passage 28 is opened and 
closed. Also, as a valve 31 provided in the passage 29 is 
opened, high temperature air conditioner refrigerant is drawn 
into the heat exchanger 27 from a section of the air 

20 conditioner refrigerant circuit 20 that is downstream of the 

condenser 23. As the valves 30, 31 are opened and closed, the 
amount of the high pressure air conditioner refrigerant and 
the amount of low temperature air conditioner refrigerant 
drawn into the heat exchanger 27 are adjusted. Accordingly, 

25 the temperature of the air conditioner refrigerant in the heat 
exchanger 27 is adjusted. When heat pump coolant in the heat 
pump coolant circuit 2 6 passes through the heat exchanger 27, 
heat exchange takes place between the heat pump coolant and 
the air conditioner refrigerant, which cools the heat pump 

30 coolant so that its temperature is maintained in a range, for 
example, between 30°C and 50°C. That is, to maintain the 
temperature of the heat pump coolant in the range, the amount 
of high temperature air conditioner refrigerant and the amount 
of low temperature air conditioner refrigerant drawn into the 

35 heat exchanger 17 are adjusted. 



WO 2004/092662 PCT/JP2004/004400 



The heat pump coolant circulating in the heat pump 
coolant circuit 26 enters the heat pump 14 through a port 26a 
and exits the heat pump 14 through a port 2 6b. In the heat 
5 pump 14, the working medium that has been desorbed and is in 
an evaporated state is cooled by the heat pump coolant. This 
liquefies the working medium. On the other hand, the pump 
refrigerant circulating in the pump refrigerant circuit 15 
enters the heat pump 14 through a port 15a and exits the heat 
10 pump 14 through a port 15b. In the heat pump 14, the pump 
refrigerant in the pump refrigerant circuit 15 is cooled by 
latent heat of evaporation produced when the working medium is 
evaporated after being liquefied as described above. This 
maintains the pump refrigerant in a low temperature range, for 
15 example, between 10°C and 20°C. The pump refrigerant, which 
is cooled and maintained at a low temperature, is used in 
electricity generation at the thermoelectric converter 4 and 
in cooling of the air conditioner refrigerant. 

The working medium that evaporates when the pump 
refrigerant is cooled will be adsorbed by the adsorbent. When 
the working medium is adsorbed by the adsorbent, the adsorbent 
generates heat. At this time, the generated heat is 
transmitted to the heat pump coolant, which circulates in the 
heat pump coolant circuit 2 6 and is drawn into the heat pump 
14. Therefore, even if the adsorbent generates heat during 
adsorption of the working medium, the generated heat is taken 
away by the heat pump coolant. This prevents the temperature 
of the adsorbent from being abruptly increased. 

The internal structure of the heat pump 14, and 
desorption and adsorption of the heat pump 14 will now be 
described with reference to Figs. 2 and 3. 

35 As shown in Fig. 2, the heat pump 14 includes an 
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adsorber/desorber 41 containing adsorbent, a condenser 42 for 
liquefying a working medium from an evaporated state after 
being desorbed from the adsorbent, and an evaporator 43 for 
evaporating the working medium that has been liquefied by the 
5 condenser 42. The engine coolant circuit 11 (specifically, 

the bypass passage 24) passes through the adsorber/desorber 41, 
and the heat pump coolant circuit 2 6 passes through the 
adsorber/desorber 41 and the condenser 42. The pump 
refrigerant circuit 15 passes through the evaporator 43. 

10 

In the desorption, the engine coolant that has entered 
the heat pump 14 through the port 24a flows through a section 
of the engine coolant circuit 11 that corresponds to the 
adsorber/desorber 41. At this time, heat exchange takes place 

15 between the engine coolant and the adsorbent. Accordingly, 

the adsorbent is heated so that the working medium is desorbed 
from the adsorbent. In this manner, the desorption of the 
working medium from the adsorbent is performed by using the 
heat from the engine coolant, the temperature of which is 

20 maintained to be high, for example, in a range between 80°C 
and 90 °C by waste heat from the hybrid automobile. 

When after being desorbed from the adsorbent, the 
working medium flows into the condenser 42 in an evaporated 

25 state. In the condenser 42, the heat pump coolant that has 

entered the heat pump 14 through the port 2 6a flows through a 
section of the heat pump coolant circuit 2 6 that corresponds 
to the condenser 42. At this time, heat exchange takes place 
between the heat pump coolant and the working medium. 

30 Accordingly, the working medium is cooled and thus liquefied. 
The liquefaction of the working medium in an evaporated state 
is performed by using the heat pump coolant, the temperature 
of which is maintained, for example, in a range between 30°C 
and 50°C, by the air conditioner refrigerant. 

35 
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The working medium that has been liquefied by the 
condenser 42 flows into the evaporator 43. In the evaporator 
43 , the pump refrigerant that has entered the heat pump 14 
through the port 15a flows through a section of the pump 
refrigerant circuit 15 that corresponds to the evaporator 43. 
Also, in the evaporator 43, the liquefied working medium 
evaporates, and the latent heat of evaporation lowers the 
temperature of the pump refrigerant. As the pump refrigerant 
is cooled in this manner, the temperature of the pump 
refrigerant is maintained to be low, for example, in a range 
between 10°C and 20°C. The pump refrigerant, the temperature 
of which is maintained to be low, flows to the thermoelectric 
converter 4 or the heat exchanger 17 shown in Fig. 1 through 
the pump refrigerant circuit 15, and is used for electricity 
generation at the thermoelectric converter 4 or for assisting 
air conditioning of the air conditioner. 

In the adsorption, the working medium that has 
evaporated at the evaporator 43 flows into the 
adsorber/desorber 41 and is adsorbed by the adsorbent. At 
this time, the adsorbent generates heat. However, since the 
heat pump coolant that has entered the heat pump 14 through 
the port 26a flows through a section of the heat pump coolant 
circuit 26 that corresponds to the adsorber/desorber 41 to 
take away the heat of the adsorbent, the temperature of the 
adsorbent is prevented from being excessively increased. 

The above described embodiment has the following 
advantages . 

(1) To reliably generate electricity with the 
thermoelectric converter 4 by utilizing waste heat from the 
hybrid automobile, it is important to maintain the temperature 
of the pump refrigerant in a predetermined low temperature 
range so that the temperature difference between the high 
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temperature engine coolant and the low temperature pump 
refrigerant is suitable for generating electricity. The heat 
pump 14, which functions as a cooling device, maintains the 
temperature of the pump refrigerant at a low temperature only 
by using heat from the engine coolant, the temperature of 
which is maintained to be high by waste heat from the 
automobile. Therefore, the energy is efficiently used for 
cooling the pump refrigerant. Thus, the above described 
embodiment permits the thermoelectric converter 4 to reliably 
generate electricity, while maintaining the pump refrigerant 
at a low temperature. At the same time, the embodiment 
improves the energy efficiency of the hybrid automobile. 

(2) Since electricity generation is reliably performed 
by the thermoelectric converter 4, the size of the generator 3 
for charging the battery 7 of the hybrid automobile can be 
reduced. 



(3) The heat pump 14 is an adsorption heat pump, which 
requires a small amount of energy to operate. Therefore, 
compared to a case where a heat pump of another type is used 
for cooling the pump refrigerant, the amount of energy 
required for cooling the pump refrigerant is small. 

(4) When the working medium evaporates after being 
desorbed and liquefied, the latent heat of evaporation causes 
the temperature of the working medium to drop. This causes 
heat exchange between the working medium and the pump 
refrigerant to take place. The heat pump 14 cools the pump 
refrigerant by utilizing this heat exchange. Immediately 
after desorption, the working medium flows to the condenser 42 
in an evaporated state. Then, heat exchange takes place 
between the working medium in an evaporated state and the heat 
pump coolant maintained in a temperature range, for example, 
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between 30°C and 50°C. This cools and effectively liquefies 
the working medium. Then, the latent heat of evaporation of 
the liquefied working medium cools the pump refrigerant. 
Therefore, the heat pump 14 effectively cools the pump 
refrigerant . 



(5) The pump refrigerant cooled by the heat pump 14 is 
not only used for generating electricity at the thermoelectric 
converter 4, but also for assisting air conditioning of the 
air conditioner of the hybrid automobile. Therefore, the 
illustrated embodiment not only improves the energy efficiency 
by recovering waste heat from the automobile as electrical 
energy, but also assists the air conditioning of the passenger 
compartment using waste heat. Thus, the energy efficiency is 
further improved. Also, since the air conditioning of the 
passenger compartment is assisted, the sizes of the compressor 
23 and the condenser 23 can be reduced while improving the 
cooling performance of the air conditioner. 

(6) The pump refrigerant cooled by the heat pump 14 is 
guided to the heat exchanger 17 when air conditioning needs to 
be assisted during operation of the air conditioner. In other 
cases, the pump refrigerant is guided to the thermoelectric 
converter 4 and is used in electricity generation at the 
thermoelectric converter 4. In this manner, when the pump 
refrigerant is not used for assisting air conditioning, the 
pump refrigerant is always used for electricity generation at 
the thermoelectric converter 4. Therefore, cooling of the 
pump refrigerant by the heat pump 14 is not performed for no 
purpose. In other words, energy efficiency is further 
improved . 



(7) In the hybrid automobile, the power source such as 
the engine 1 and the motor 2 are high temperature portions, 
and the heat from these portions maintains the engine coolant 
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at a high temperature. Therefore, the temperature difference 
between the engine coolant and the pump refrigerant is easily 
increased, and the output from the thermoelectric converter 4 
based on the temperature difference is great. Thus, energy 
recovery based on charging of the battery 7 by the electricity 
generation is efficiently performed. 

The above described embodiments may be modified as 
follows. 



In the illustrated embodiment, the engine coolant in the 
engine coolant circuit 11, which cools the engine 1, the motor 
2, and the power control unit 6, is used in the electricity 
generation at the thermoelectric converter 4. However, the 
present invention may be different from this configuration. 
For example, in a case where the engine 1, the motor 2, and 
the power control unit 6 are not cooled by a single system 
(the engine coolant circuit 11), but by two or more systems, 
the coolant of any one of the systems may be used in the 
electricity generation at the thermoelectric converter 4. 

In the illustrated embodiment, the pump refrigerant is 
selectively guided to the thermoelectric converter 4 and the 
heat exchanger 17. However, the pump refrigerant may be 
guided to both of the thermoelectric converter 4 and the heat 
exchanger 17. Further, a configuration may be adopted in 
which the pump refrigerant is guided to both of the 
thermoelectric converter 4 and the heat exchanger 17 only when 
the air conditioning demands assistance, and the pump 
refrigerant is guided only to the thermoelectric converter 4 
when there is no such demand. 

The pump refrigerant may be used only for the 
electricity generation at the thermoelectric converter 4 . 
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In the illustrated embodiment, the energy recovery 
system according to the present invention is applied to a 
hybrid automobile- However, the energy recovery system may be 
applied to an automobile that has only one of the engine 1 and 
5 the motor 2 as the drive source. Alternatively, the energy 
recovery system may be applied to a vehicle other than an 
automobile or to any types of apparatuses other than vehicles. 
When applied to an apparatus other than a vehicle, the heat 
pump 14 is not necessarily an adsorption heat pump, but may be 
10 other types of heat pump such as a mechanical heat pump or an 
adsorption type chemical heat pump. 
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